The main physical results on the registration of solar neutrinos and the search for rare processes obtained by the Borexino collaboration to date are presented.
The Main Results of the Borexino Experiment

INTRODUCTION
The study of solar neutrinos is at the intersection of elementary particle physics and astrophysics. On one hand these neutrinos allow for the study of neutrino oscillations, and on the other they provide key information for accurate solar modeling. The Borexino first detected and then precisely measured the flux of the 7 Be solar neutrinos, ruled out any significant day-night asymmetry of their interaction rate, performed the measurement of 8 B-neutrino with 3 MeV threshold, made the first direct observation of the pep neutrinos, and set the tightest upper limit on the flux of solar neutrinos produced in the CNO cycle.
The uniquely low background level of the Borexino detector made it possible to set new limits on the effective magnetic moment of the neutrino, on the stability of the electron for decay into a neutrino and a photon, on the heavy sterile neutrino mixing in 8 B-decay, on the possible violation of the Pauli exclusion principle, on the flux of high energy solar axions and on some other rare processes.
The Borexino detector
Borexino is a real-time liquid scintillator detector for solar neutrino spectroscopy located at the Gran Sasso Underground Laboratory [1] . Its main goal is to measure low-energy solar neutrinos via (ν, e)-scattering in an ultrapure liquid scintillator. At the same time, the extremely high radiopurity of the detector and its large mass allow it to be used for the study other fundamental questions in particle physics and astrophysics. The detector energy and spatial resolution were studied with radioactive sources placed at different positions inside the inner vessel. For high energies the calibration was performed with a AmBe neutron source [2] . The energy resolution scales approximately as σ E /E = 5%E −1/2 . The position of an event is determined using a photon time of flight reconstruction algorithm. The resolution of the event reconstruction, as measured using the 214 Bi -214 Po decay sequence, is 13.2 cm.
The fluxes and the energy spectra of solar neutrinos from pp-chain and CNO-cycle are predicted by solar models. Thanks to the unprecedented low background level achieved in the scintillator, Borexino already measured the fluxes and electron recoil spectra of neutrinos coming from the pp−, pep−, 7 Be -and 8 B-nuclear reactions which take place inside the Sun.
7 Be-neutrinos
Borexino was designed to measure the spectrum of recoil electrons from 862 keV neutrino due to EC-process: 7 Be + e − → 7 Li + ν e . The measured count rate of 7 Be-neutrino is [3] : R( 7 Be) = 46.0 ± 1.5(stat) ± 1.6(syst) counts/(d 100 t). Study on a possible asymmetry between day and night 7 Be-neutrino interaction rate gives [4] : A dn = 0.001 ± 0.012(stat) ± 0.07(syst). Borexino excluded the LOW region of the MSW parameter space for neutrino without the use of reactor anti-neutrino data and therefore without the assumption of CPT symmetry. 
8 B-neutrinos
Borexino reported the first measurement of 8 B solar neutrino rate with 3 MeV threshold [5] R( 8 B) = 0.22 ± 0.04(stat) ± 0.01(syst) counts/(d 100 t) in good agreement with measurements from SNO and SuperKamiokaNDE.
pep-and CNO-neutrino
Standard Solar Model provides an very accurate (1.2%) flux prediction for 1.44 MeV neutrinos emitted in p+p+e − → d+ν e reaction. Borexino performed the first measurement of the pep-neutrino interaction rate and set the strongest limit on the CNO neutrino interaction rate (at present, it is not sufficient to solve the High/Low metallicity problem) [6] : R(pep) = 3.1 ± 0.6(stat) ± 0.3(syst) counts/(d 100 t) and R(CNO) ≤ 7.9 counts/(d 100 t) at 95% C.L.. Figure 3 : Left: energy spectra of the events in the fiducial volume before and after the the threefold coincidence veto (µ, n, 11 C is applied. Right: residual energy spectrum after best-fit rates of all considered backgrounds are subtracted. The e-recoil spectrum from pep-ν at the best-fit rate is shown for comparison.
pp-neutrino
Neutrino produced from the fusion of two protons for the first time has been detected in a real time detector. The unique properties of the Borexino provided an opportunity to extract pp-neutrino spectrum from the background components [7] : R(pp) = 44 ± 13 (stat) ± 10 (syst) counts/(d 100 t). Assuming LMA-MSW solution this value corresponds to solar pp-neutrino flux Φ(pp) = (6.6 ± 0.7) × 10 10 cm −2 s −1 which is in good agreement with the prediction of the standard solar model. 
Electron neutrino survival probability
Survival probability of electron-neutrinos produced by the different nuclear reactions in the Sun. All the numbers are from the Borexino. Because ppand 8 B-neutrino are emitted with a continuum of energy the reported P ee value refers to the energy range contributing to the measurement. The violet band corresponds to the ±1σ prediction of the MSW-LMA solution. 
Neutrino magnetic moment
The shape of the electron recoil spectrum is sensitive to the possible presence of a non-null magnetic moment, and the sensitivity is enhanced at low energy since E −1 e . For solar neutrinos we detect the effective magnetic moment, which is composition of magnetic moments for mass or flavor eigenstates. Borexino obtained the upper limit [8] : µ ef f ≤ 5.4 × 10 −10 µ B (90% C.L.). 
Detection of geo-and reactor neutrinos
Geo-neutrinos are electron anti-neutrinos produced by decays of long-lived isotopes, which are naturally present in the interior of the Earth, such as decays in the 238 U and 232 Th chains, and 40 K. Results from 2056 days of data taking correspond to exposure of (5.5 ± 0.3) × 10 31 proton×yr. Assuming a chondritic Th/U mass ratio of 3.9, Borexino detected (23.7 +6.5 −5.7 ) geo-neutrino events and (52.7 +8.5 −7.7 ) reactor (anti)neutrinos [9] . The Borexino reported on the search for anti-neutrinos of yet unknown origin and, in particular, set a new upper limit for a hypothetical solarν flux of 760 cm −2 s −1 , obtained assuming an undistorted solar 8 B energy spectrum [10] . 
Heavy sterile neutrino
The Borexino constrains the mixing of a heavy neutrino with mass 1.5 MeV ≤ m H ≤ 14 MeV appearing in 8 B-decay to be |U eH | 2 ≤ (10 −3 − 4 × 10 −6 ), respectively [13] . These limits are 10 to 1000-fold stronger than those obtained by experiments searching for ν H → ν L + e + + e − decays at nuclear reactors and 1.5-4 times stronger than those inferred from π → e + ν decay. 
Test of Pauli Exclusion Principle
Using the unique features of the Borexino detector the following new limits on non-paulian transitions of nucleons from the 1P 3/2 -shell to the filled 1S 1/2 -shell in 12 C with the emission of γ, n, p and β ± particles have been obtained [11] 
High energy solar axions
A search for 5.5-MeV solar axions produced in p + d → 3 He + A (5.5 MeV) reaction was performed [12] . The Compton conversion of axions to photons -A + e − → e − + γ; the axio-electric effect -A + e − + Z → e − + Z; the decay of axions into two photons -A → 2γ; and inverse Primakoff conversion on nuclei -A + Z → Z + γ, are considered. Model independent limits on axion-electron (g Ae ), axion-photon (g Aγ ), and isovector axion-nucleon (g 
Test of electron stability
A new limit on the stability of the electron for decay into a neutrino and a single monoenergetic photon e → ν + γ was obtained [14] . This new bound, τ ≥ 6.6 × 10 28 yr at 90% C.L., is two orders of magnitude better than the previous limit obtained with Borexino prototype CTF.
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